Background: Tumour markers in pleural fluid and their diagnostic value are subject to debate. Although there are several studies on this topic, standardized cut-off values do not exist. In this study we investigated the potential of a ratio of carcinoembryonic antigen (CEA) in pleural fluid and serum, serving as an individual marker for pleural cancer manifestation. Methods: A total of 201 consecutive patients with unclear pleural effusion were included in the study; 98 were diagnosed with malignant pleural effusion and 103 had an effusion due to other, benign reasons. CEA levels in pleural fluid and serum were measured. Results: By using receiver operating characteristics analysis, at the cut-off of 1.0, the CEA ratio showed a specificity of 92% and sensitivity of 85%, with a positive predictive value of 91% and a negative predictive value of 87%. These results are higher than in previous investigations on different pleural tumour markers and their combination.
Introduction
Malignant pleural effusion (MPE) is a common phenomenon in lung cancer and other cancerrelated pleural diseases. 1 However, a clear and fast diagnosis is often challenging. The presence of MPE is attributable to an advanced state of disease and a correct diagnosis is crucial for further therapeutic decisions. Furthermore, MPE influences the prognosis of the patients. The median survival with MPE has been reported as 3-12 months, depending on the site of the primary neoplasm. 2 The initial diagnostic approaches include thoracocentesis with cytological and biochemical examination of the pleural fluid. [2] [3] [4] Although thoracocentesis is the standard procedure and may be performed repeatedly, the sensitivity for the diagnosis of MPE is typically only 50-70%. 5, 6 Thoracoscopy increases diagnostic accuracy, and will exhibit a diagnosis in more than 90% of patients with pleural malignancy. 7 However, this procedure may not be available at all facilities and some patients with poor performance status and/ or comorbidities may not be suitable for this intervention. Therefore, additional examinations may be needed. The evaluation of different tumour markers in the pleural effusion and pleural cavity might be helpful in these decisions.
Among all tumour markers, the carcinoembryonic antigen (CEA) is the most examined and frequently used marker for pleural fluid. Although there have been numerous scientific evaluations, its significance remains controversial due to varying results. The high-quality papers among those published have shown high specificity, however sensitivity largely varies.
Furthermore, variable cut-off values have been reported. A meta-analysis by Shi and colleagues showed an overall sensitivity of 0.54 with a specificity of 0.94. 8 Several authors reported higher sensitivities when combining different tumour markers, [9] [10] [11] [12] [13] and other authors reported that CEA has the highest diagnostic value when comparing different tumour markers in the pleural fluid. [14] [15] [16] [17] [18] [19] [20] What all these studies have in common is that the analysis of tumour markers, and especially CEA, is recommended when MPE is suspected. Tumour markers had higher levels in malignant pleural fluid than in effusions due to benign conditions. However, the overall composition, quantity of fluid and concentration of different molecules and proteins in the MPE largely varies among patients and cancer entities. Even in the same patient, recurring MPE might bring different results with every analysis. This might be a problem for the correct use of diagnostic tumour markers such as CEA in the pleural fluid. Up to now, there is no clear recommendation for a specific cut-off value, although there are several investigations with varying values ranging from 3 ng/ml to 50 ng/ml. 6, 9, 10, 15, [21] [22] [23] [24] [25] [26] [27] [28] In 1972, Light and colleagues first described a method for diagnostic separation of transudates and exudates within an individual patient. 29 Inspired by Light's criteria, we hypothesized that tumour markers in the pleural fluid should not be determined by a cut-off value, but rather evaluated using a ratio with respect to serum and pleural fluid levels of CEA. In 2004, Trape and colleagues reported promising results of simultaneous determination of tumour markers in pleural fluid and serum in a smaller cohort (22 patients with MPE). 30 Korczynski and colleagues investigated CEA and other tumour markers and their ratio in 2009 in a similar small cohort of 36 patients with MPE, showing CEA as the most valuable tumour marker, especially when the ratio is calculated. 31 They determined the best cut-off for the ratio to be 0.83.
In 2016, Tozzoli and colleagues evaluated 71 MPE (excluding mesothelioma) for CEA in pleural fluid and serum together with pleural cytology showing high sensitivity for nonsmall-cell lung cancer. 28 Another publication from 2016 with a remarkable sample size of 130 patients investigated the differentiation of malignant and tuberculous pleural effusion by using CEA ratio. 15 In a recent publication, Zhai and colleagues presented the results of two Chinese cohorts with a total of 119 MPE. Area under the curve (AUC) for CEA measurements in pleural fluid was slightly higher than for a CEA ratio of 1.1. 32 The performance of other tumour markers such as CA 125, CA 15-3, CA 19-9, NSE, SCC and CYFRA 21-1 was investigated in most of the previously mentioned papers. However, CEA was consistently the best performing parameter either as an isolated value in pleural fluid (or as a ratio, if investigated).
Summarizing this, we decided to perform an analysis to determine the ratio of pleural fluid and serum levels of CEA in patients with MPE compared with patients with nonmalignant pleural fluid.
Materials and methods

Patients
In this prospective descriptive study we investigated and compared data from 201 consecutive patients over a period of 14 months. All patients were referred for investigation of pleural effusion. Per protocol, inclusion criteria involved age 18 years or older and written consent to participate. A diagnosis of malignant or nonmalignant effusion was made based on cytology and/or thoracoscopy and long-term follow up (at least 1 year). All aetiologies of pleural effusion were included in the analysis, except for malignant pleural mesothelioma, which was an exclusion criterion. Several studies have suggested that CEA is not a useful tool and apparently not frequently elevated when pleural effusion is caused by mesothelioma. 33, 34 All patients provided informed consent for examinations of their pleural fluid and further investigations including data analysis.
Effusions were considered malignant if malignant cells were found on cytological examination or in a biopsy specimen. Nonmalignant pleural effusion was diagnosed when cytology was negative for malignancy and no signs of a malignant disease were detected during follow up.
This study complied with the Declaration of Helsinki and was approved by the ethics committee of the county of Lower Austria (No. 384-2016).
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Methods
Pleural fluid samples were extracted via thoracocentesis or thoracoscopy and were collected in dry tubes. The samples were brought to the laboratory immediately, centrifuged for 10 min at 1500 G, and stored frozen at −70°C until assayed.
Blood samples were obtained and CEA was assayed using electrochemiluminescence (Cobas6000, Roche, Mannheim, Germany) in both pleural fluid and blood. The manufacturer defines a cut-off value of 5.5 ng/ml in serum as the upper limit of normal.
Statistical analysis
Data were expressed as mean and standard deviation, median and range or as percentages. Statistical analysis was performed using statistical software (SPSS-PC, SPSS, Chicago, IL, USA).
Differences between the two groups were evaluated using the Mann-Whitney U test after testing for normal distribution using the Kolmogorov-Smirnov test. To compare different cut-offs for the main parameter of interest (CEA ratio pleural fluid/blood) a receiver operating characteristic (ROC) curve was constructed and the AUC was calculated. The threshold was selected based on the best diagnostic efficacy having achieved equilibrium between sensitivity and specificity by using Youden's index. Sensitivity and specificity of serum and pleural fluid CEA were calculated by using the provider's cut-off value for serum, although there is no validated cut-off value for CEA in pleural fluid. Positive predictive values (PPV) and negative predictive values (NPV) were calculated by using cross tables. All tests were two-sided and statistical significance was accepted for p values < 0.05. Table 1 gives an overview of the baseline characteristics of the study population. A total of 103 pleural effusions were defined as benign pleural effusion (BPE) and 98 were defined as MPE, mainly associated with lung cancer (n = 83), and less often associated with pleural carcinosis secondary to other primary tumours (n = 15). The median age was equally distributed in both cohorts (69 years versus 71 years). The serum and pleural fluid levels of CEA and the ratio of serum and pleural fluid CEA were significantly higher in MPE. Table 2 describes the aetiology and histology of MPE. Lung adenocarcinoma (n = 68) and largecell lung carcinoma (n = 2) showed the highest median values of CEA in pleural fluid among the different histological types of lung cancer, however the latter was much less represented. Among the MPE that was not associated with lung cancer, mammary carcinoma (n = 8) and one case of carcinoma of unknown primary showed the highest rates of pleural fluid CEA. In all MPE except for large-cell lung carcinoma (n = 2), ovarian carcinoma (n = 1) and salivary gland carcinoma (n = 1), median CEA in pleural fluid was higher compared with serum CEA. All patients with MPE were classified as stage IV (according to Union for International Cancer Control 8th edition).
Results
The final diagnosis of BPE is given in Table 3 . The main reasons for BPE were congestive heart failure, parapneumonic effusion and pleural empyema. This is in line with other reports of the distribution of pleural effusions, when malignancy and trauma are excluded. 35 Among the group of BPE were 11 cases of patients with lung malignancies, causing a pleural effusion that was not related to pleural carcinosis but to atelectasis caused by malign bronchial obstruction with effusion ex vacuo.
Median serum CEA was consistently higher than pleural CEA in BPE, accept for one case of pleural effusion with unknown aetiology. A total of 6 out of the 11 cases of pleural effusion ex vacuo secondary to atelectasis (without a proof of malignancy by thoracocentesis) did not reach the end of the 1-year follow up due to earlier cancerrelated death.
The isolated diagnostic performance (sensitivity, specificity, PPV and NPV) of CEA in serum (cutoff 5.5 ng/ml, as suggested by the provider) and pleural fluid (no validated cut-off available) was as follows: 0.54, 0.89, 0.83 and 0.67 for serum and 0.74, 0.92, 0.90 and 0.79 for pleural fluid, respectively.
The performance of CEA pleural fluid/serum ratio at different thresholds (Table 4 ) was analysed by ROC curve (AUC = 0.903) as seen in Figure 1 . The highest diagnostic performance was reached at a threshold of 1.0 with a specificity of 92%, sensitivity of 85%, PPV of 91% and NPV of 87%. A ratio of 1.0 was assumed to be the best cut-off to distinguish BPE and MPE.
Discussion
MPE is an important aetiology of pleural effusions with the necessity for a correct diagnosis due to its impact on further therapeutic strategies. Thoracocentesis with cytological examination is the most often used diagnostic tool, but sensitivity is low, ranging from only 50% to 70%. 5, 6 Therefore, additional tools like tumour markers might be useful to decide if further invasive diagnostic techniques, for example, thoracoscopy, need to be applied. In this study, we demonstrated that the ratio of CEA in pleural fluid and serum is a useful individual parameter and has a high value for the above-mentioned decisions.
We were able to detect a specificity of 92% and a sensitivity of 85% for a CEA ratio of 1.0, which is the best eligible cut-off value according to ROC curve and J-index. Sensitivity and specificity are in line with the results of Trape and colleagues, 30 Korcynzski and colleagues, 31 Zhai and colleagues 32 and Tozzoli and colleagues, 28 and they are considerably higher than the overall sensitivity of 54% of previous pleural fluid CEA studies reported in the meta-analysis by Shi and colleagues 8 and Nguyen and colleagues, 36 or combinations of various tumour markers. 13 Our study has some limitations. One limitation is that, although we took a 1-year follow up on cytology-negative patients, 6 out of 11 patients, assumed to have BPE secondary to their cancer disease with negative effusion cytology (marked Table 3 . Aetiology and diagnosis of the pleural effusions without detection of malignancies (n = 103) and their median levels of CEA in serum and pleural fluid. as 'effusion ex vacuo'), did not reach the end of the follow up because of cancer-related death. Therefore, it is not possible retrospectively to rule out pleural cancer involvement in these patients.
On the other hand, in this subgroup the median pleural fluid CEA level was lower than median serum CEA levels, thus having a ratio < 1. Additionally 5 out of the 6 patients had a transudate according to Light's criteria, which makes a MPE even more unlikely. Thoracoscopy was either not indicated (in cases of already proven advanced-stage disease) or was not possible to perform (death, low performance score) in these patients. However, to preserve consecutiveness we counted them (without positive pleural cytology but known cancer) as having a BPE. On the other hand, performing thoracoscopy in a study without creating a benefit for the patient (e.g. when metastatic disease is already diagnosed and talcum pleurodesis is not indicated and/or possible) seems to be problematic from an ethical viewpoint.
The potential of the CEA ratio clearly lies in those patients who would have a different treatment strategy pending the involvement of the pleura in their cancer disease. In other patients, with unknown aetiology of the effusion and additional findings indicating a possible underlying malign disease (e.g. exudate or suspect lymph nodes), the CEA ratio might be beneficial to indicate more concrete diagnostic steps such as a thoracoscopy.
Our study shows that a negative CEA ratio has an acceptable NPV and might be helpful in indicating, if < 1, further investigation for other nonmalignant aetiologies of unknown exudative pleural effusions.
In this study, the measurement of CEA in pleural fluid was not externally controlled, for example, by assigning another laboratory unit, which could be seen as a limitation.
Another limitation of this study which should be mentioned is that we did not evaluate the effusion/serum ratio of other tumour markers, particularly those known to be useful in lung cancer (e.g. CYFRA 21-1 or NSE). We did not investigate any combinations of various tumour markers that might increase sensitivity and specificity. However, the results of the few preceding studies showed that the CEA value in pleural fluid as well as the CEA ratio has the best AUC of all journals.sagepub.com/home/tam 7 investigated tumour markers. 15, 30, 31 We suggest further analysis to investigate the ratio of other tumour markers, which will probably confirm the use of CEA as the most effective tumour marker in pleural effusion, at least for lung cancer.
Conclusion
Simultaneous determination of CEA in pleural fluid and blood is of high value in the diagnosis of MPE, with exception of malignant pleura mesothelioma.
In cases of suspicious MPE with a negative cytology, particularly in the absence of a visible tumour and/or borderline suitability for invasive procedures such as thoracoscopy, the determination of the ratio of CEA in the pleural fluid and blood serum may be helpful as a complementary tool for the differential diagnosis of pleural effusion.
